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RIBOZYME MEDIATED INACTIVATION OF
THE ANDROGEN RECEPTOR

The present application is a continuation of U.S. Appli-
cation Ser. No. 08/853,164, filed May 8, 1997, now issued
as U.S. Pat. No. 6,489,163, which claims priority to U.S.
Provisional Application Ser. No. 60/016,590, filed May 8,
1996.

The U.S. government owns rights in the present invention
pursuant to NIH grant number R37DK 14744 and NIH grant
number T32AG00165, National Institutes of Health).

FIELD OF THE INVENTION

The present invention relates to the field of selective
inhibition of androgen receptor. The invention further relates
generally to the field of gene therapy, and particularly gene
therapy in the treatment of prostatic cancer.

BACKGROUND OF THE INVENTION

The prostate gland is an androgen-dependent organ and
continues to grow with age. This leads to enlarged prostate
in older men with consequent pathological manifestations.
Androgen receptor is the principal mediator of prostatic
growth.

A hammerhead ribozyme is a small RNA capable of
cleaving a target RNA in a catalytic manner in the presence
of a divalent cation (Pyle, 1993). Naturally occurring ham-
merhead ribozymes were discovered in certain plant viroids
and viruses (Forster and Symons, 1987). The hammerhead
ribozyme acts in “cis” during viral replication by the rolling
circle mechanism. However a hammerhead ribozyme was
engineered to cleave in “trans” against other RNAs (Uhlen-
beck, 1987). A hammerhead ribozyme consists of antisense
segments (stems I and III) and a catalytic domain (stem II).
It can be designed to target specific mRNAs by selecting
sequences flanking the catalytic element. The only require-
ment for the target substrate is the sequence HUX (H can be
any nucleotide, X is A, C or U), where cleavage occurs after
X (Haseloff and Gerlach, 1988). Hammerhead cleavage
produces RNA products with 5' hydroxyl and 2', 3' cyclic
phosphate termini (Buzayan, el al., 1986; Prody, et al.,
1986). A hammerhead ribozyme has potential therapeutic
applications, e.g., it inactivates specific RNAs in vivo, such
as HIV-1 gene expression (Sarver, et al., 1990; Ojwang, et
al., 1992; Yu, et al., 1993), RNAs responsible for other viral
infections (Chen, et al., 1992; Sullenger and Cech, 1993;
Tang, et al., 1994) and the RNA transcripts of other genes
(Scanlon, et al., 1991; Kashani-Sahetet, et al., 1992; Lange,
et al.,, 1993; Ha and Kim, 1994; Kobayashi, et al., 1994;
Sioud, et al., 1994; Jarvis, el al., 1996; Ohta, et al., 1996;
Sioud, 1996).

Androgen receptor (AR) is a ligand-activated transcrip-
tion factor belonging to the steroid/thyroid hormone receptor
superfamily (Evans, 1988; Beato, 1989). AR plays an impor-
tant role in the coordination of the male-specific sexual
phenotype and in the development of the male-reproductive
organs such as the prostate gland (Quiley, et al., 1995). AR
is expressed in various cells and tissues (Chang, et al., 1995;
Roy and Chatterjee, 1995). It has also been considered as an
etiologic factor for human benign prostatic hyperplasia
(Brolin, et al., 1992; Wilding, 1992; Lepor, et al., 1993).
Furthermore, AR gene mutations are involved in primary
and secondary prostate cancer (Newmark, et al., 1992;
Culig, et al., 1993; Suzuki, et al., 1993; Taplin, et al., 1995).
A high expression of AR in recurrent prostate cancer cells
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and metastatic prostate cancer cells has also been observed
(Taplin, et al., Viskarpi, et al., 1995; Umeki, et al., 1996).
However, how the AR regulates differentiation and devel-
opment of the male reproductive organs and its role in
prostatic diseases are not known.

Clinical treatment of prostatic cancer has included the use
of surgical techniques to remove enlarged prostate tissue, or
the use of enzyme inhibitors such as PROSCAR™. PROS-
CAR inhibits 5-alpha reductase, which is the enzyme that
converts testosterone to dihydrotestosterone. The abolition
of testesterone itslf to induce androgen action limits the use
and effectiveness of this therapy. These approaches are thus
undesirable in many patients. Need continues to exist in the
medical arts for a therapy that provides a more targeted
approach to treatment of this pathology.

Androgen receptor plays a central role in the develop-
ment, differentiation and maintenance of the male reproduc-
tive organs (Coffey, 1988; Griffin et al., 1989; Migeon et al.,
1994). It is also involved in prostate disorders and other
diseases (Edward, 1992; Macke et al., 1993; Qingley et al.,
1995). The molecular mechanisms whereby AR regulates
the physiological and pathological events are not clearly
understood (Wilding, 1992; Lapor and Lawson, 1993).
Hence, there has been no significant development of clinical
approaches for treatment of prostate and related disorders.

SUMMARY OF THE INVENTION

The present invention describes inactivation of AR gene
expression by engineering hammerhead ribozymes to cleave
specific sites in AR mRNA. The present in vitro studies of
hammerhead ribozymes reveal a high efficiency of such
cleavage activity. The hammerhead ribozymes suppress AR
mRNA expression in cultured cells.

Included in the present invention are hammerhead
ribozymes that can selectively and efficiently degrade
human androgen receptor messenger RNA. Also part of the
present invention are expression vectors containing the gene
for a ribozyme that, when introduced into a human prostate
cancer cell, is capable of abolishing the androgen receptor
mediated transactivation of a reporter gene. Targeting of the
ribozyme gene into specific tissues of transgenic mice can be
done to produce tissue-specific inactivation of androgen
receptor. Therapeutic use of the ribozymes of the present
invention to suppress androgen action in human clinical
conditions such as the prostatic hyperplasia may be accom-
plished in vivo of the present invention.

The following provides three selection criteria in identi-
fying and designing synthetic ribozyme of the present inven-
tion:

@®
5 3
Androgen Receptor mRNA

Computer Molding to eliminate
mRNA domains that can form
secondary structure

@

Sequence data base search to
eliminate areas containing
sequence homology to other mRNAs
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-continued
3

Locate areas with high AU
content and select the size of the
complementary ribozyme side
arms [ & III with high
dissociation rate constants

Based on these three selection criteria, the inventors
designed three hammerhead ribozymes and tested their
effectiveness in the in vitro endonuclease assay. One of these
ribozymes, HR-2 was found to be particularly highly effec-
tive in selectively degrading the androgen receptor mRNA.
This androgen receptor degrading ribozyme is more active
than all ribozymes reported in the literature.

-
B

Ribozyme

Target
site

After eliminating sequence regions that can potentially
form secondary structures or have significant homology to
heterologous mRNAs, the inventors chose three structural
domains of the AR mRNA with high AU contents as targets
for the hammerhead ribozyme.

Hammerhead ribozymes are composed of two function-
ally distinct components; (i) the central catalytic core usu-
ally containing about 24 nucleotides with a conserved stem
loop structure, and (ii) two variable specifier sequences on

AR mRNA
Ribozyme

both 5' and 3' sides of the catalytic core that are comple-
mentary to the target RNA. The three targeted areas on the
AR mRNA that were selected correspond to (i) transactiva-
tion domain of the rat AR (ribozyme, R-1), (ii) transactiva-
tion domain of the human AR (ribozyme, H-1), and (iii) the
DNA binding domain of the human AR with 95% homology
to the rat AR (ribozyme, HR-2). All three of these ribozymes
contained 9-12 nt long specifier arms on each side of the
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catalytic core. Both ribozymes and truncated AR targets
were cloned into the Bluescript vector and were transcribed
with either T7 or T3 RNA polymerase for the in vitro
endonuclease assay. At an equimolar enzyme-substrate ratio
and at 37° C., R1 and H1 required ~4 hr for 75 to 100%
cleavage of the substrate. The ribozyme HR-2 required less
than 30 min for complete cleavage of the target substrate.
The HR-2 ribozyme was also effective at a E:S ratio as low
as 1:50. A mutant HR2 containing two base substitutions
within the catalytic core was enzymatically inactive and the
wild type HR2 did not act on substrates corresponding to
R-1 and H-1, substantiating the specificity of the ribozyme
function.

The inventors examined the effectiveness of the HR-2 in
AR PC3 (prostate cancer derived) cells transfected with
the AR expression vector and a reporter construct containing
MMTV-CAT. In this transfection assay an expression vector
containing the HR-2 ribozyme was able to inhibit the AR
mediated transactivation of the MMRV-promoter in a dose-
dependent manner with a more than 95% inhibition at an
AR:HR-2 ratio of 100. These results indicate that ribozymes
can be an effective means for inactivating androgen action
and are useful as a therapeutic agent when delivered to the
target tissue through expression vectors and tissue-specific
promoters.

By means of selection of the target base compositions
(A-T, G-C pairs), the optimum size of the two sided arms,
and the in vitro testing of various ribozyme constructs, the
inventors have produced particular synthetic ribozymes hav-
ing high activity and specificity for the human androgen
receptor mRNA.

The inventors have developed the specifically active
ribozyme HR-2 (SEQ ID NO:2) that cleaves the human
androgen receptor mRNA (SEQ ID NO:1) at base positions
2374/2375 (Table 1). The nucleotide structure of the rat
ribozyme (SEQ ID NO:11) and its complementarity to the
rat androgen receptor mRNA target site (SEQ ID NO:10) are
as follows:

site of cleavage

G
A .
G HindIII
CcC—G U
A—U
G—C
G—C
A G

G U

The in vitro cleavage of AR mRNA sequence by the
ribozyme and kinetics of the endonuclease activity have
established utility of the present invention.

Mammalian expression vectors containing the ribozyme
HR-2 and a RNA polymerase II promoter derived from the
cytomegalovirus (CMV) or a RNA polymerase III promoter
derived from the gene for a small nuclear RNA (U6 RNA)
when cotransfected into human (PC-3, prostate cancer



US 7,067,256 B2

5

derived) and rodent (3T3, mouse fibroblast derived) cells,
showed a dose-dependent inactivation of androgen receptor
function.

This involved establishing:

i) Cell transfection system.

i) Inhibition in the human prostate cancer cells by the
CMYV construct; and

iii) Inhibition in the NIH 3T3 cells by the U-6 construct

A transgenic mouse line containing selective over-expres-
sion of the androgen receptor in the liver targeted by the
liver-specific phenylalanine hydroxylase gene promoter has
been created by the present inventors. The same promoter is
being used to target the HR™2 ribozyme to the liver. The
homozygous AR transgenic mouse will be crossed with the
HR-2 transgenic mice and the hepatic level of the androgen
receptor in the hybrid mice will be monitored.

Gene therapy to suppress prostatic hyperplasia during old
age and to destroy aberrant forms of androgen receptor
mRNA in prostate cancer cells is thus available. This may
involve therapeutic use of the ribozyme to suppress prostatic
hyperplasia. Such can be performed by local delivery of the
ribozyme gene construct inserted into any one of the emerg-
ing in vivo gene delivery vectors (for the most recent
development see, Naldini et al., 1996) during cauterization
of the enlarged prostate. At an advanced stage of prostate
cancer the androgen receptor undergoes mutation and begins
to function independent of the androgenic ligand (Taplin et
al., 1995). Presently no specific therapeutic means to inhibit
such an androgen-independent form of the receptor is avail-
able. The HR-2 ribozyme inserted into the appropriate
delivery vector can be an effective drug to control such
androgen independent mutant form of the receptor and to
inhibit the resultant neoplastic prostate cell growth.

The present inventors demonstrate that two hammerhead
ribozymes are able to cleave the RNA immediately follow-
ing the GUC triplet sequences at positions 1393 and 2209 of
the AR mRNA, respectively. Compared to a variety of other
triplets, the GUC triplet preceding a particular site on the
RNA substrate makes that site much more efficiently
cleaved. (Haseloff and Gerlach, 1988; Ruffner et al., 1990;
Shimayama et al., 1995; Hendrix et al., 1996). It can be
demonstrated that the RNA phosphodiester bond immedi-
ately following the nucleotide residue, which has its ribose
sugar group held in a south conformation (that is C,,-endo
-Cy-exo ) is most preferably cleaved by the hammerhead
ribozyme (Plavec et al., 1994). Furthermore, compared to
other nucleotidyl 3'-ethylphosphates, cytidine 3'-ethylphos-
phate can most readily assume the south conformation at the
ribose moiety, thus explaining the preference for C at the
third base of the triplet preceding the cleavage site (Plavec
atel., 1994). That G is the preferred first base in the marker
triplet follows from the analysis of K_,, and K,, of the
cleavage reactions using substrate in which the first base is
changed from G to another base (Shimayama et al, 1995).
The base preference at the first position of the triplet, despite
its distance from the cleavage site, indicates that the entire
triplet contributes to the structure of the transition state
intermediate formed during the phosphodiester bond cleav-
age reaction (Hendrix et al, 1996).

Specificity and efficiency are also important parameters to
consider in designing a hammerhead ribozyme. Factors,
such as the secondary structure of the substrate and length as
well as composition of the flanking sequences (stems I and
1IT) of hammerhead ribozymes affect function. Many studies
have shown that a hammerhead ribozyme targeted to a
predicted open stemloop structure within target RNA sub-
strate is more effective in catalyzing cleavage of the RNA
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substrate when it targets a base paired region (L’Huillier et
al., 1992; Steinecke et al., 1994; Hendrix et al., 1996; Lieber
and Strauss, 1996). Christoffersen and Marr found that this
criterion applies well to ribozyme activity in cell culture and
animal studies (Christoffersen and Marr, 1995). The length
and composition of flanking sequences of a hammerhead
ribozyme are also important factors in optimizing a designed
hammerhead ribozyme. Although the length of the flanking
sequences of the hammerhead ribozyme varies in different
target sites, optimal cellular efficiency is observed with
relatively short sequences of between 10-20 residues (Fedor
et al., 1990; Herschlog, 1991 Heidenreich and Eckstein,
1992; Ferbeyre et al., 1996; Jarvis et al., 1996). Up to a point
(~25 residues), longer flanking sequences can increase
specificity of the hammerhead ribozyme, but it also
decreases the cleavage efficiency, due to a decrease in
turnover of the ribozyme (Heidenreich and Eckstein, 1992;
Bertrand et al., 1994; Ferbeyre et al., 1996). This is sup-
ported by the further finding that reduced length of the
flanking sequences between substrate and hammerhead
ribozyme increases the rate of cleavage (Goodchild and
Kohli, 1994). Composition of the flanking sequences is
another consideration. A target region of RNA substrate with
a high number of G or C residues so stabilizes interaction
between the target and ribozyme that their separation after
cleavage may be deterred (Bertrand et al., 1994). It is
therefore preferable to select A/U rich flanking sequences
since A:U base pair is weaker than G:C. Additionally, A-rich
sequences in the flanks of the hammerhead ribozyme avoid
the possibility of U-G wobble base pairing that can decrease
discrimination between target sites (Hersalag, 1991; Ber-
trand et al., 1994). The MFOLD program was used to study
the secondary structure of AR mRNA (Zuker and Stiegler,
1981; Zuker, 1989). Two cleavage sites of AR mRNA with
open-loop or single-stranded regions were identified. The
open regions contain GUC triplet sequences flanked by
U-rich sequences that are not homologous to other gene
sequences. Flanking sequences with 19 nucleotides and 18
nucleotides (stems I and IIT) were selected for H1 and HR2
hammerhead ribozymes (FIG. 1) that contain 58% and 61%
A/U-rich sequences, respectively. In the assay system, these
hammerhead ribozymes were highly specific and catalyzed
cleavage of only the AR mRNA substrate (FIG. 7).

Highly specific hammerhead ribozyme activity has been
observed in cultured cells, and in animals (Saxena and
Ackerman, 1990; Sullenger and Cech, 1993; Yu et al., 1993;
Larsson et al., 1994; [.’Hulillier et al., 1996). L’Hulillier et
al. (1996) have observed that a hammerhead ribozyme
cleaves only exogenous a-lac mRNA against which it was
designed, and not against endogenous a-lac mRNA in
transgenic mice, indicating the specificity of designed ham-
merhead ribozyme. In addition to these demonstrated speci-
ficities, the cleavage rate of both the HI and HR2 ribozymes
is rapid and complete within 30 min at 1:1 molar ratio of
ribozyme: substrate. However, compared to HI, HR2 is more
efficient in vitro (FIG. 5) and in vivo (FIG. 8). The reason for
the higher activity of HR2 over HI is not clear. One
explanation could be that the target region in the AR mRNA
for HR2 is more exposed than the target region for HI, so
that HR2 has a better access to its RNA substrate (Kobayashi
et al., 1994).

The following table enumerates several sequences that
were used in the testing and/or development of the present
invention.
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TABLE 1 TABLE l-continued
Identification of Sequences Having Sequence Iden- Identification of Sequences Having Sequence Iden-
tifiers 5 tifiers
SEQ SEQ
ID SEQUENCE AND ID SEQUENCE AND
NO: COMMENTS NO: COMMENTS
1 5'AUCUUGUCGUCUUCGGAAA-3' human AR mRNA SEQ 3'UAGAACAGCCAAGCAGGAGUGCCUGAGUAUUCAA
target for HR-2 ribozyme 10 ID GCCUUU-5', double mutant HR-2
NO: ribozyme
SEQ 3'UAGAACAGCA AAGCCUUU-5' 14
D A CUGA
NO: AU SEQ 3'UAGAACAGCAGAAGCCUUUS',
2 G G ID antisense oligo for HR2
C A 15 NO:
A G 15
G U
G c
A c
) GUG BRIEF DESCRIPTION OF THE DRAWINGS
HR-2 ribozyme 20
SEQ GCTTTGT U6 small nuclear RNA terminal site The following drawings are part of the present specifica-
D tion and are included to further demonstrate certain aspects
NO; of the invention. The invention may be better understood by
reference to one or more of these drawings in combination
SEQ 5'TTCCGAACTGATGAGTCC-3', HR-2 hammerhead 25 with the detailed description of the specific embodiments
ID ribozyme stem I region presented herein.
NOZ FIG. 1 Structures and positions of wild-type and mutant
hammerhead ribozyme elements flanked by antisense oli-
SEQ 5'-AGTGGGAGTGGCACCCIT-3' polylinker sequence gonucleotide elements complexed to substrates for the GUC
ID in the pcDNA3 vector 30 sequences found in the coding regions of the human AR
No 5 mRNA. The numbers at the top of each structure indicate the
segment positions of human AR mRNA targeted by ham-
SEQ 5'-TGCGTGACATTAAGGAGAAGC-3' primer of B-actin merhead ribozymes (target for H1 ribozyme is SEQ ID
ID gene from position 667 to 687 NO:12; target for wild type and mutant HR2 ribozymes and
Noé 35 antisense oligonucleotide is SEQ ID NO:1). The arrows
show cleavage sites for the ribozymes. WT H1, wild-type
SEQ 5'-ATCCACACGGAGTACTTGGG-3' primer of f-actin H1 hammerhead ribozyme (SEQ ID NO:13). WT HR2,
ID gene from position 1063 to 1044 wild-type HR2 hammerhead ribozyme (SEQ ID NO:2).
NO; MUT HR2, mutant HR2 hammerhead ribozyme in which 2
40 pases at the catalytic core sequence were mutated A=C and
SEQ 5'TTTCCGAACTGATGAGTCCGTGAGGACGAAACGACA G:}U (SEQ D NOZl4). ANTI HR2, antisense oligonucle-
NcI)D Z;i];\';‘ ii}goz;iglementary DNA sequence for otide HR2 (SEQ D NOZIS).
8 FIG. 2A and 2B Schematic representation of vector con-
45 structs of the hammerhead ribozyme catalytic and antisense
SEQ 5'ATCTTGTCGTTTCGTCCTCACGGACTCATCAGTTCG oligonucleotide specificity elements. In FIG. 2A, the wild-
ID GAAA 3', DNA coding sequence for type and mutant hammerhead ribozymes with antisense
NO: HR-2 ribozyme specificity oligonucleotide elements were cloned into Hind
9 P g
11I/Xba I sites of a mammalian expression vector (pcDNA3)
SEQ 5'AUCGUGUCGUCUCCGGAAA-3' 5o under the control of the human CMV promoter driven by
ID rat AR mRNA target RNA polymerase II. In FIG. 2B, the wild-type and mutant
NO: hammerhead ribozymes with antisense oligonucleotides
10 were cloned into Xba I/SAC I sites of the Bluescript vector
SEQ 3'UAGCACAGCAAAGCAGGAGUGCCUGAGUAGUCAGS containing the rat U6 small nuclear RNA promoter tran-
ID CCUUU-5', ribozyme for rat sequence 55 scribed by RNA polymerase III. RZ, wild-type or mutant
NO: hammerhead ribozymes. AS, antisense oligonucleotide.
11 BGH, bovine growth hormone. GCTTTGT (SEQ ID NO:3),
' ' U6 small nuclear RNA terminal site.
sgg iuingziEC:S;inizgiiA?;i H1 ribozyme FIG. 3. Secondary structure of the mRNA of the human
NO: 60 androgen receptor as determined by the MFOLD program
12 SQUIGGLES. Arrows show the cleavage sites of the andro-
gen receptor mRNA by ribozymes H1 and HR2.
sgg iGigéﬁgfgz,*CAiﬁGiﬁiiGuZCCUGAGUAGUCAG FIG. 4A, 4B and 4C. Time course of catalytic reactions of
. e hammerhead ribozyme. Bo :13) an
o ‘ e the h head ribozyme. Both H1 (SEQ ID NO:13) and
13 65 HR2 (SEQ ID NO:2) were incubated with the 144 nt and 234

nt of human AR mRNA substrates, respectively. At 1:1
molar ratio of ribozyme:substrate, a reaction mixture con-
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taining 10 mM MgC12, 50 mM Tris-HCI, pH 7.5, 2 mM
spermine and 1 mM EDTA, was incubated at 37° C. for 10,
20, 30, 60, 90, 120, and 240 min. The products were loaded
onto 10% polyacrylamide/8 M urea gels and separated by
electrophoresis. The gels were stained with ethidium bro-
mide. M, size marker. S, mRNA substrate. RZ, hammerhead
ribozyme. P1 and P2, catalytic digestion products. A. 0.2 uM
of the HI was incubated with 0.2 uM of the 144 nt substrate.
B. 0.2 uM of the HR2 was mixed with 0.2 uM of the 234 nt
substrate. C. 0.02 uM of unlabeled HR2 was incubated with
0.02 uM of the *>2-p labeled 234 nt substrate at 37° C. for 0.5,
1, 5, 15, 25, 35, 45, 60 and 90 min. The products were
separated on a 10% polyacrylamide/8 M urea gel and
quantitated using a Phosphorlmager.

FIG. 5. Catalytic activity of the hammerhead ribozyme at
different molar ratios of ribozyme:substrate. The molar
ratios of S/R in the reactions are shown at the bottom.
Cleavage of the human AR mRNA substrates was demon-
strated with decreasing proportions of S/R ratio. After incu-
bation at 37° C. for 30 min, the products were separated by
electrophoresis in 10% polyacrylamide/8 M urea gels, and
the gels were stained with ethidium bromide. A. HI (SEQ ID
NO:13) with 144 nt mRNA substrate. B. HR2 (SEQ ID
NO:2) with 234 nt AR mRNA substrate. M, size marker. S,
mRNA substrate. RZ or R, hammerhead ribozyme. P1 and
P2, digestion products.

FIG. 6. Steady-state kinetics of the HR2 hammerhead
ribozyme reaction. The reaction shown was carried out with
2 nM of cold HR2 SEQ ID NO:2) with different concen-
trations of the ?P labeled 234 nt human AR mRNA sub-
strate: 8 nM (lane 2), 14 nM (lane 3), 20 nM (lane 4), 30 nM
(lane 5), 57 nM (lane 6), 60 nM (lane 7) and 65 nM (lane 8).
Reaction was at 37° C. for 40 min. Lane 1. mRNA substrate
only.

FIGS. 7A and 7B. Target-specific cleavage by the ham-
merhead ribozyme. A. **P-labeled 144 nt and 234 nt frag-
ments of the human AR mRNA substrates were incubated
with unlabeled H1 (SEQ ID NO:13) and HR2 (SEQ ID
NO:2), respectively, at a 1:1 molar ratio (0.2 uM each) at
37'C for 60 min in 10 mM MgCl,, 50 mM Tris-HCI, pH 7.5,
2 mM spermine, 1 mM EDTA. Lane 1. 144 nt mRNA
substrate only. Lane 2. 144 nt mRNA substrate plus HI.
Lane 3. 144 nt mRNA substrate plus HR2. Lane 4. 234 nt
mRNA substrate only. Lane 5. 234 nt mRNA substrate plus
HR2. Lane 6. 234 nt mRNA substrate plus H1. S. mRNA
substrate. P1 and P2. digestion products. B. Inactivation of
HR2 by point mutations. The 234 nt AR mRNA substrate
was mixed either with HR2 (SEQ ID NO:2), or mut-HR2
(SEQ ID NO:14), or antisense oligo HR2 (SEQ ID NO:15)
(see FIG. 3) at 37° C. for 60 and 120 min. Products were
separated on a 1 0% polyacrylamide/8M urea gel; then the
gel was stained with ethidium bromide. M. size marker.
Lane 1. antisense oligonucleotide only. Lane 2. HR2 only.
Lane 3. mutant HR2 only. Lane 4. 234 nt AR mRNA
substrate only. Lanes 5 and 8. 234 nt mRNA substrate with
antisense oligo HR2. Lanes 6 and 9. 234 nt mRNA substrate
with HR2. Lanes 7 and 10. 234 nt mRNA substrate with
mutant HR2. Sub. mRNA substrate. Mut. mutant HR2 SEQ
ID NO:14). WT. wild type HR2 (SEQ ID NO:2). AS.
antisense oligo HR2 (SEQ ID NO:15).

FIGS. 8A and 8B. Effect of the hammerhead ribozyme on
CAT activity in transiently transfected PC-3 cells. The target
vector (p)CMV-AR) and the reporter vector (pMMTV-CAT)
were cotransfected into PC-3 cells with H1 or HR2 or
pCMYV control vector at molar ratios of 1:20, 1:50 and 1:100
(target vector/hammerhead ribozyme). Tested DNA concen-
tration was normalized to 10 pg with pCMV control vector.
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At 48 hours post transfection, the cells were harvested and
CAT was assayed. The values are presented as relative
percentage. The molar ratios of H1 or HR2 to the AR
expression vector are shown at the bottom.

FIG. 9. Inhibition of CAT gene expression in the presence
of wild-type ribozyme and mut HR2 ribozyme as well as
antisense oligo HR2 vectors in transiently transfected PC-3
cells. The target vector (pCMV-AR) and the reporter vector
(pMMTV-CAT) were transfected into the PC-3 cells with
either pCMV-HR2, or pCMV-mut-HR2, or pCMV-anti-
HR2, or pCMV control vector. Molar ratio is shown at the
bottom. Total DNA concentration was normalized to 10 pg
with the pCMV control vector. After 48 hours, cells were
harvested and assayed for CAT activity. Results are
expressed relative to the control vector. S. The target vector
(pCMV-AR). R. wild-type or mutant ribozyme or antisense
oligo vector. WT R. wild-type ribozyme HR2 (SEQ ID
NO:2). Mut R. mutant ribozyme HR2 (SEQ ID NO:14). AS.
antisense oligo HR2 (SEQ ID NO:15).

FIGS. 10A and 10B. Inhibition of androgen response by
the hammerhead ribozyme in CV-1 cells stably transfected
with rat AR (CV-1/AR). Stably transfected CV-1 cells
expressing AR were transfected with 3.5 pg of each of the
reporter vector (pMMTV-CAT), HI or HR2 or pCMV con-
trol vector. Cells were cultured in the absence or presence of
10-®* M DHT. After 24 hours, cell extracts were assayed for
CAT. H1. H1 ribozyme. HR2. HR2 ribozyme. DHT. dihy-
drotestosterone. A, CV-1/AR cells transfected with the H1
ribozyme. B, CV-I/AR cells transfected with the HR2
ribozyme.

FIG. 11. Inhibition of androgen action by the HR2 ham-
merhead ribozyme under the control of the U6 small nuclear
RNA promoter which is transcribed by RNA polymerase Il1.
NIH 3T3 cells were transiently transfected with 2.5 pg of
pCMV-AR as target and 3 ng of pMMTV-CAT as reporter
along with either 13 pg of U6-HR2, or 13 pg of U6-mut-
HR2, or 13 pg of U6-anti-HR2, or 13 pg of U6 control
vector. DNA concentration was normalized to 20 pg with U6
control vector. After 48 hours, cells were harvested and CAT
activity was measured by ELISA. The experiments were
repeated at least three times. Experimental conditions are
given at the bottom

FIGS. 12A, 12B, 12C AND 12D. RNA polymerase 11
promoter-driven expression of the hammerhead and the
ribozyme mediated reduction of AR mRNA transfected
cells. The PC-3 cells were cotransfected with pCMV-AR
and either pPCMV-HR2, or pCMV-mut-HR2, or pCMV-anti-
HR2, or pCMV control vector at 1:25, 1:50, 1:1 00 molar
ratios. After 12 hours, total RNA was extracted. 12A and
12B. RNase protection assays were performed as described
in materials and methods. 10° cpm of the 179 nt fragment of
anti AR mRNA probe and 10° cpm of the 638 nt fragment
of anti f-actin mRNA probe were hybridized With 8 and 1
ng of total RNA from different transfected cells. Protected
RNA was analyzed on 5% polyacrylamide/8 M urea gels and
exposed to X-ray film for 3 days (12A) and I day (12B). A.
M. size marker. Lanes 1, 12; antisense AR RNA probe only.
Lane 2; PC-3 cells transfected with pCMV-AR only. Lanes
3, 4 and 5; 1:25, 1:50 1:100 molar ratios of pCMV-AR:
pCMV-HR2. Lanes 6, 7 and 8; 1:25, 1:50, 1:100 molar ratios
of pPCMV-AR:pCMV-mut-HR2. Lanes 9, 10 and 11; 1:25,
1:50, 1:100 molar ratios of pCMV-AR:pCMV-anti-HR2.
12B is the same as 12A, but the probe was the anti (-actin
mRNA 12C and 12D. Quantitative RT-PCR was performed.
200 ng of total RNA from transfected cells was subjected to
RT-PCR. Primers from stem I sequences of the HR2 ham-
merhead ribozyme and sequences of pcDNA3 vector, and
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[-actin sequences were designed. One oligo of each pair of
primers was labeled with [y->?P] ATP. The PCR products
were separated on 5% polyacrylamide gels. The gels were
dried and exposed to Xray film. 12C. Lane 1, RNA from
PC-3 cells. Lane 2, RNA from PC-3 cells transfected with
0.5 pg of pCMV-AR vector. Lanes 3, 4 and 5; RNAs from
PC-3 cells cotransfected with 0.5 pg of pCMV-AR and 12.5
ng, 25 pg and 50 pg of pCMV-HR2 vector, respectively.
Lanes 6, 7 and 8; RNAs isolated from PC-3 cells that were
cotransfected with 0.5 pg of pCMV-AR and 12.5 pg, 25 nug
and 50 pg of pCMV-mut-HR2 vector, respectively. D is the
same as C, but B-actin primers were used.

FIG. 13. RNA polymerase I1I promoter-driven expression
of hammerhead ribozyme and the ribozyme mediated reduc-
tion of the AR mRNA in transfected cells. The PC-3 cells
were cotransfected with pCMV-AR and either U6-HR2, or
U6-mut-HR2, or U6-anti-HR2, or U6 control vector at 1:5 or
1:25 molar ratio. After 12 hours, total RNA was extracted.
RNase protection assay was performed as described in
materials and methods. 10" cpm of the 179 nt fragment of
anti AR mRNA probe (13A) and 10° c¢pm of the 638 nt
fragment of anti f-actin mRNA probe (13B) were hybrid-
ized with 8 and 1p of total RNA from transfected cells.
Protected RNA was analyzed on 5% polyacrylamide/8 M
urea gels and exposed to X-ray film for 3 days (13A) and 1
day (13B). Lane 1, size marker. Lanes 2 and 3; PC-3 cells
transfected with 1 pg of pCMV-AR only. Lanes 4 and 5;
PC-3 cells cotransfected with 1 pug of pPCMV-AR and 5 ng
or 25 ng of U6-HR2. Lanes 6 and 7; PC-3 cells cotransfected
with 1 pug of pCMV-AR and 5 pg or 25 pg of U6-mut-HR2.
Lanes 8 and 9; PC-3 cells cotransfected with 1 pg of
pCMV-AR and 5 pg or 25 pg of U6-anti-HR2. Lane 10,
antisense RNA probe only. S. the AR expression vector. R.
wild-type or mutant U6 hammerhead ribozyme or antisense
oligo vector. Con. PCMV-AR vector only. WT. Wildtype of
U6-HR2. Mut U6-mut-HR2. AS. U6-anti-HR2.

FIGS. 14 A and 14B. Immunocytochemical staining of the
androgen receptor In the PC-3 cells transfected with the
hammerhead ribozyme. PC-3 cells were transfected with 0.2
ng of the AR expression vector and 20 pg of pCMYV control
vector or 20 pg of the HR2 hammerhead ribozyme vector.
After 24 and 48 hours, the cells were fixed, and incubated
with AR antibody. 14A. PC-3 cells transfected with the AR
expression vector. The positive immunostaining of AR is
observed in the nuclei. 14B. PC-3 cells transfected with the
AR expression vector and HR2 hammerhead ribozyme. The
AR immunostaining is weak and mainly located in the
cytoplasm.

FIG. 15. Ribozyme gene construct with probasin pro-
moter. The sequence shown is the 5' to 3' sequence for the
HR-2 ribozyme (SEQ ID NO:8), the coding strand for which
is SEQ ID NO:9.

FIG. 16. Rat AR mRNA (SEQ ID NO:10) aligned with
ribozyme construct (SEQ ID NO:11). The human counter-
part sequences are AR mRNA (SEQ ID NO:1) aligned with
ribozyme construct HR2 (SEQ ID NO:2), as shown in Table
1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The examples presented herein are included to demon-
strate preferred embodiments of the invention. It should be
appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques
discovered by the inventor to function well in the practice of
the invention, and thus can be considered to constitute
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preferred modes for its practice. However, those of skill in
the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments
which are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the invention.

Generation of the Constructs

Four oligodeoxynucleotides (wild-type H1 (SEQ ID
NO:13), wild-type HR2 (SEQ ID NO:2), mutant HR2 (SEQ
ID NO:14), and antisense oligonucleotide HR2 (SEQ ID
NO:15); see FIG. 1; Table 1) were synthesized by phos-
phoramidite method and purified on a 16% polyacryla-
mide/8 M urea gel. The oligonucleotides were tailed with
recognition sequences for restriction enzymes, Sac I at their
5" ends and EcoR I at their 3' ends. Then, each oligonucle-
otide was ligated to a Bluescript SK plasmid (Stratagene, La
Jolla, Calif.) that had been digested with SAC I and ECoR1,
to allow expression of the hammerhead ribozymes or anti-
sense oligonucleotides under the control of a T3 RNA
polymerase promoter. A 144 bp segment of human AR
c¢DNA containing a target site of the Hl1 hammerhead
ribozyme, and a 234 bp segment of human AR cDNA
containing another target site of the HR2 hammerhead
ribozyme were also cloned into the Bluescript plasmid to
generate AR mRNA in vitro. For in vivo study, the full-
length human AR ¢DNA was cloned into a mammalian
expression vector containing the human cytomegalovirus
promoter to create pCMV-AR vector as a target. The mouse
mammary tumor virus long terminal repeat promoter con-
taining an AR response clement was ligated with the
chloramphenicol acetyl transferase gene (CAT) to create a
pMMTV-CAT plasmid as a reporter. Hammerhead ribozyme
elements, that is the wild-type H1 and wild-type HR2, the
mutant HR2, and the antisense HR2 oligo—all have the
flanking Hind III site at the 5' end and the Xba I site at the
3'end. Thus they could be cloned into the Hind II/Xba I sites
of the pcDNA3 mammalian expression vector (Invitrogen,
San Diego, Calif.), containing the CMV promoter, to create
pCMV-H1, pCMV-HR2, pCMV-mut-HR2 and pCMB-anti-
HR2 vectors. In order to generate pol II directing expression
plasmid with the HR2 wild-type hammerhead ribozyme,
mutant hammerhead ribozyme and antisense HR 2 oligo
elements, the corresponding double-stranded DNA oligos
were cloned in the Xba I/Sac I sites of a plasmid carries the
rat U6 small nuclear RN A promoter upstream of the cloning
sites (Das, et al., 1988). These constructs were designated as:
U6-HR2, U6-mut-HR2 and U6-anti-HR2, respectively
(FIG. 11). The sequences of all constructs were confirmed by
DNA sequencing.

Assays of the Hammerhead Ribozyme Activity In Vitro
To generate transcripts in vitro, the Bluescript plasmids
containing the AR c¢DNA and different hammerhead
ribozymes were linearized with a restriction enzyme. The
transcription reactions were carried out with T3 or T7 RNA
polymerase as recommended by the supplier (Promega,
Madison, Wis.). The AR gene transcripts were either labeled
using [o->*P] UTP, or synthesized with unlabelled NTPs.
The products were purified by electrophoresis in a 10%
polyacrylamide/8M urea gel. The AR mRNA substrate and
the hammerhead ribozyme NA were incubated at 37° C. in
50 mM Tris-HCIL, pH 7.5, 10 mM MgCl,, 2 mM spermine
and 1 mM EDTA. After adding stop buffer and heating at 95°
C. for 2 min., the products were resolved y electrophoresis
in a 10% polyacrylamide/8M urea gel. The products were
detected by autoradiography or ethidium bromide staining.
For time-course experiments, 100 pl of a mixture containing
the hammerhead ribozyme and AR mRNA substrate was
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incubated at a 1:1 molar ratio at 37° under the conditions
described above. The reaction was followed by removing 10
ul of the mixture at different times and the reaction was
quenched by adding 5 pl of 10 mM EDTA/90% formamide/
0.02% xylene cyanol/0.01% bromphenol blue. The labeled
reaction products were separated on a 10% polyacrylamide/
8M urea gel and quantified using a Phosphorlmager (Mo-
lecular Dynamics, Inc., Sunnyvale, Calif.).

Kinetic Analysis

The mixtures of the HR2 hammerhead ribozyme (2 nM)
and the AR mRNA substrates ranging from 8 nM to 70 nM
were incubated at 37° C. in 50 mM Tris-HCI, pH 7.5, 10 mM
MgCl,, 2 mM spermine and 1 mM EDTA for 40 min. The
reaction products were analyzed on a 10% polyacrylamide/8
M urea gel and quantitated using a Phosphorlmager (Mo-
lecular Dynamics, Inc.).

Cell Culture and Hammerhead Ribozyme Transfection
Analysis

PC-3 cells which are AR negative and derived from
human prostate adenocarcinoma were transfected using the
calcium phosphate method (Chan, et al., 1995). Briefly, the
PC-3 cells were plated, grown and cotransfected with a
reporter construct (pMMTV-CAT), a target vector (pCMV-
AR), and pCMYV control vector together with hammerhead
ribozyme expression vectors such as pCMV-H1, pCMV-
HR2, pCMV-mut-HR2, pCMV-anti-HR2. After four hours,
the transfection medium was replaced with normal growth
medium with or without 10~° M DHT. Cells were harvested
48 hours later and CAT activity analyzed. For stable trans-
fection, rat AR ¢cDNA was subcloned into a vector contain-
ing the neomycin gene (Invirogen, San Diego, Calif.). The
vector containing the rat AR ¢cDNA was transfected into a
monkey kidney carcinoma cell line, CV-1. Transfected CV-1
cells were selected in 0.5 mg of G418/ml (Sigma, St. Louis,
Mo.). Individual colonies were expanded and screened by
RT-PCR. The pMMTV-CAT and pCMV control vectors
were cotransfected with either pCMV-H1 or pCMV-HR2
into the stably transfected cells (CV-1/AR). NIH 3T3 cells
were also used in cotransfection studies. After 12 hours, the
medium was replaced with normal growth medium with or
without 10=° M DHT. The cells were harvested after 24
hours, and CAT activity was detected by the CAT-ELISA
assay.

Total RNA Isolation

Total RNA from the transfected cells with or without
hammerhead ribozymes was isolated according to the pro-
tocol provided in the Rneasy Kit (Qianga, Chatsworth,
Calif.). Briefly, 10° cells were washed three times with
ice-cold PBS without Ca™* and Mg**, and then were lysed
with an RLT buffer containing guanidinium isothiocyanate.
The lysate was mixed with an equal volume of 70% ethanol
and centrifuged through an Rneasy spin column. Impurities
were removed from the column by washing it once with an
RWI solution containing guanidinium isothiocyanate and
twice with an RPE solution. Total RNA was eluted. The
products were treated with Rnase-free pancreatic Dnassel
(Promega) in 10 mM MgCl2/0.1 mM dithiothreitol/10 mM
Rnase inhibitor for 30 min. at 37° C. (Ojwang, et al., 1992).

Rnase Protection Assays (RPAs)

To generate an antisense AR RNA probe, rat AR cDNA
was digested with Sst I to release a 179 bp fragment between
1697 and 1865. The fragment was cloned into the Sstl site
of the Bluescript vector. The vector containing 179 bp
fragment of the AR ¢cDNA was linearized with Xba I and an
antisense AR RNA probe was synthesized with [a.->*P] UTP,
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CTP, ATP and GTP and T7 RNA polymerase. The probe was
purified through a 5% polyacrylamide/8M urea gel. The
[p-actin antisense RNA probe was also synthesized as an
internal control. Rnase protection assays were performed
using a ribonuclease protection assay kit RPAIl (Ambion,
Inc., Austin, Tex.). Briefly, 1 and 8 pg of total RNA were
hybridized with 5x10° cpm of radiolabeled antisense f-actin
RNA probe and 5x10° cpm of radiolabeled antisense AR
RNA probe. The products were digested with a diluted
RNaseA/T1 mixture and precipitated with ethanol. The
protected AR mRNA and p-actin mRNA products were
separated on 5% polyacrylamide/8 M urea gels. The gels
were dried, and AR mRNA was quantitated using a Phos-
phorlmager (Dynamic Molecule, Inc.). Androgen receptor
mRNA was normalized o f-actin mRNA in each sample.

Expression of the Hammerhead Ribozyme in Cultured Cells

In order to detect hammerhead ribozyme expression in
transfected cells, 200 ng of total NA from different treated
cells was subjected to RT-PCR using two primers, 5'-TTC-
CGAACTGATGAGTCC-3' (SEQ ID NO:4) from the HR2
hammerhead ribozyme stem I region (see FIG. 1) and
5'-AGTGGGAGTGGCACCCTT-3' (SEQ ID NO:5) from
the polylinker sequence in the pcDNA3 vector. Two primers
of f-actin gene, 5'-TGCGTGACATTAAGGAGAAGC-3'
(SEQ ID NO:6) from position 667 to 687, and 5'-ATCCA-
CACGGAGTACTTGGG-3' (SEQ ID NO:7) from position
1063 to 1044, were also synthesized for controls. One
oligonucleotide of each primer pair was labeled with [y->2P]
ATP and T4 Kinase. The cycling conditions were as follows:
94° C. for 1 min, 57° C. for 1 min and 72° C. for 2 min for
21 cycles. The PCR products were separated in a 5%
polyacrylamide gel, and specific bands were quantitated
using a Phosphorlmager. The expression of the hammerhead
ribozyme in different treated cells was analyzed and nor-
malized to p-actin RNA.

Immunohistochemical Analysis of AR

Immunohistochemical studies of PC-3 cells transfected
with or without the hammerhead ribozyme were performed
following the experimental conditions described (Doumit,
et, al., 1996). The cells were washed with PBS three times
and fixed in PBS containing 2% paraformaldehyde and 10%
sucrose, pH 7.2, for 20 min, then permeabilized in PBS
containing 10% mouse serum for 30 min, and cells were
incubated with primary AR antibody in blocking reagent
overnight at room temperature. Then the cells were washed
three times in PBS and exposed to biotinylated goat anti-
rabbit IgG (1:100) as secondary antibody in vectastain elite
ABC reagent (Vector Lab., Burlingame, Calif.) for 30 min at
room temperature. After three washes in PBS, AR positive
staining with the enzyme activity produced a brown reaction
product when exposed to 3,3' -diaminobeuzidine (Sigma, St.
Louis, Mo.) containing H,O,.

Analysis of AR mRNA Secondary Structure

A Vax 8600 and a Vax 8800 computer with the sequence
analysis software package from Genetic Computer Group
(University of Wisconsin, Madison, Wis.) were used.
Theminimal fee energy fold of AR mRNA was computed
using MFOLD program version 8.1. the MFOLD program
predicts optimal and suboptimal RNA secondary structures
based on the energy minimum method (Zuker and Stieger,
1981; Zuker, 1989). Graphic representations were obtained
using SQUIGGLES (University of Wisconsin, Madison,
Wis.).

The following examples are presented only to describe
preferred embodiments and utilities of the present invention,
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and are not meant to limit the scope of the present invention
unless specifically indicated otherwise in the claims
appended thereto.

EXAMPLE 1

The present example demonstrates the site specificity of
the synthetic ribozyme of the invention.

Two hammerhead ribozymes, H1 (SEQ ID NO:13) and
HR2 (SEQ ID NO:2), cleave human androgen receptor (AR)
mRNA at the GUC sequence at positions 1394 and 2375,
respectively. In an in vivo assay, both of these hammerhead
ribozymes, H1 and HR2, cleave the target AR mRNA
substrate into two products at the expected sites. The extent
of cleavage varied with the time of incubation, and the molar
ratio of ribozyme to substrate. At 30 seconds of incubation
at37° C., HR2 cleaves 37% of the target mRNA at 1:1 molar
ratio. Complete cleavage of the target AR mRNA by the two
hammerhead ribozymes at 1:1 molar ratio occurs within 30
min. HR2 is more active than H1l. A mutant ribozyme
(mut-HR2; SEQ ID NO:14) and a oligodeoxynucleotide
antisense (antisense HR2 oligo; SEQ ID NO:15) to the target
AR mRNA sequence fail to catalyze cleavage of the AR
mRNA substrate in vitro. Mut-HR2 has mutations at two
bases in the catalytic part (stem II) and the antisense HR2
oligo lacks the catalytic part of HR2 (FIG. 15). The wild-
type hammerhead ribozymes, H1 and HR2, the mut-HR2
and the antisense HR2 oligo were cloned into a mammalian
expression vector (pCMV) utilizing the RNA polymerase 11
promoter to create pCMV-H1, pCMV-HR2, pCMV-mut-
HR2, and pCMV-anti-HR2, respectively. These constructs
were tested for their effects on AR gene expression in
cultured prostatic cells. Cotransfection of either the H1 or
the HR2 expression construct into mammalian cells along
with the AR expression plasmid (pCMV-AR) and an AR-
responsive reporter plasmid (pMMT V-CAT) results in the
inhibition of CAT activity. Both the AR mRNA level and the
AR protein level also decline. The extent of the decrease in
AR mRNA is dependent on the level of the expressed
hammerhead ribozyme and the decreased AR mRNA also
correlates with the extent of inhibition in the CAT activity.
However, the -actin mRNA level is not affected, indicating
that the hammerhead ribozymes H1 and HR2 target specifi-
cally the AR mRNA. Similar to the in vitro study, the HR2
ribozyme is more effective than the H1 ribozyme in vivo.
The wild-type HR2 ribozyme is much more active in inhib-
iting AR mRNA expression and CAT activity than the
corresponding mutant ribozyme (mut-HR2) and the anti-
sense HR2.

EXAMPLE 2
Expression Vector with Ribozyme Gene

The present example demonstrates that the described
synthetic hammerhead ribozymes are designed to cleave
specifically AR mRNA within cells, as well as utility therapy
in vivo.

The HR2 hammerhead ribozyme was cloned downstream
of the rat U6 small nuclear RNA promoter which is tran-
scribed by RNA polymerase 111, to give U6-HR2 plasmid.
Compared with pPCMV-HR2, which is transcribed by pol II,
U6-HR2 is more efficient in inhibiting AR mRNA and CAT
activity in vivo. A 1:5 molar ratio of pCMV-AR:U6-HR2
achieved 90% reduction of CAT activity, whereas 90%
reduction of CAT activity will require a 1:100 molar ratio of
pCMV-AR:pCMV-HR2.
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EXAMPLE 3

Selection of the Hammerhead Ribozyme Target
Sequences in the AR Gene

The present example demonstrates the selection of AR
mRNA regions targeted by hammerhead ribozymes.

The predicted primary and secondary structures of the
entire AR mRNA was searched for open loops that contain
the consensus sequence for hammerhead ribozyme cleavage,
5-HUX-3', which is cleaved 3' of X (X can be A, C or U).
RNA substrate with the GUC triplet adjacent to cleavage site
was reported to yield very high cleavage efficiency com-
pared with RNA substrate containing other triplet sequences
such as CUC, GUA and AUA (Rufner, et al., 1990; Shi-
mayama, et al., 1995; Hendix, et al., 1996). All GUC triplets
in the open loop regions were tagged as potential cleavage
sites for the hammerhead ribozyme. Then both sides of
sequences surrounding these GUC triplets were scanned
through the Genbank data base to eliminate sequences with
substantial homology to other mRNAs. In order to provide
more discrimination and ensue a high rate of cleavage by the
hammerhead ribozyme, A/U-rich regions of the flanking
sequences (stems [ and III) were chosen, because of their
generally lesser stability than G/C-rich regions. The greater
stability of a G-C base pair diminishes the probability of
dissociation of the cleavage products. The presence of
A-rich sequences in the flanking sequences of the hammer-
head ribozyme also would avoid the possibility of U-G
wobble pair formation that would tend to decrease the
specificity of the enzyme (Herschlag, et al., 1991; Bertrand,
et al., 1994). Two potential target sites were selected within
the open reading frame of the AR mRNA to cleave between
residues 1393-1394 and between residues 2208-2209.
These sites are targeted by ribozymes H1 and HR2, as shown
in FIG. 3 in open stem-loop regions of the mRNA. One
sequence targeted by H1 consists of 19 residues, 58%
A/U-rich. The sequence targeted by HR2 has 18 residues,
61% A/U-rich (FIG. 1).

EXAMPLE 4

In vitro Sequence-Specific Catalytic Cleavage of
the AR mRNA by the Hammerhead Ribozymes

Cleavage reactions of the 144 nt and 234 nt fragments of
the AR mRNA substrate by the H1 and HR2 ribozymes in
vitro are shown in FIG. 4. Cleavage is dependent on time
and the molar ratio of ribozyme:substrate. Using a 1:1 molar
ratio of ribozyme:substrate, both ribozymes completely
cleave the AR mRNA substrate in less than 30 min, gener-
ating the expected products: for H1, a 104 nt and a 40 nt
product from the 144 nt AR mRNA substrate (FIG. 4A), and
for HR2, a 182 nt and a 52 nt fragment from the 234 nt AR
mRNA substrate (FIG. 4B). When *?P-labeled 234 nt frag-
ment of the AR mRNA and unlabeled HR2 are incubated at
a 1:1 molar ratio at 37° C. for different time intervals, 50%
of cleavage products are observed at about 13 min (FIG.
4C). On the other hand, when different ratios of the
ribozyme and substrate are mixed, complete cleavage of the
234 nt fragment of the AR mRNA is observed using a 1:3
molar ratio of HR2: AR mRNA substrate in 30 min at 37° C.
(FIG. 5A). By contrast, complete cleavage of the 144 nt
fragment requires a 1:1 molar ratio of HI: substrate in the
same time (FIG. 5B). The results show that HR2 is more
active than is HI1.
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Steady-state cleavage velocities were measured for 2 nM
of HR2 with mRNA substrate concentrations ranging from
8 to 70 nM. When the different concentrations of >**P-labeled
234 nt substrate were incubated with cold HR2, the
ribozyme was effectively saturated with substrate at high
concentrations. Under the reaction conditions at 37° C. in 10
mM MgC12/50 mM Tris-HCI, pH 7.5/2 mM spermine/1 mM
EDTA for 40 min, HR2 ribozyme cleaved more products of
the RNA substrate with increasing the RNA substrate con-
centrations (FIG. 6). In vitro cleaved the 234 nt substrate
with high efficiency.

That these hammerhead ribozymes specifically recognize
their target sequences was demonstrated by the fact that HR2
was totally ineffective in catalyzing the cleavage of the AR
mRNA substrate for H1 (FIG. 7A, lane 3), and vice versa
(FIG. 7A, lane 6). Point mutations (A=>C and G=yU) in the
catalytic domain of HR2 (FIG. 1) resulted in complete loss
of the catalytic activity in vitro (FIG. 7B, lanes 7, 10). The
specificity elements of HR2 by antisense HR2 deoxyoligo
also failed to cleave the 234 nt AR mRNA substrate (FIG.
7B, lanes 5, 8). The mutant HR2 hammerhead ribozyme
construct, pCMV-mut-HR2, was tested in transfection stud-
ies to distinguish the antisense effect from the enzymatic
activity on the AR mRNA substrate.

EXAMPLE 5

Efficiency and Specificity of the Hammerhead
Ribozyme in Transient Cotransfection Assays
Toward the Target AR mRNA in Cell Culture

In order to demonstrate the efficiency of H1 and HR2
inactivation of AR gene expression at the cellular level, H1
and HR2 ribozymes, mutant ribozyme (mut-HR2) and the
antisense oligo HR2 alone (without the catalytic loop) were
cloned into a mammalian expression vector (pCMV) and
transfected them into PC-3 cells with the target vector
(pCMV-AR) and the reporter vector (pMMTV-CAT). An
analysis of the expression of pMMTV-CAT showed that
CAT activity was inhibited with increasing doses of ham-
merhead ribozyme transfected in the form of pPCMV-H1 and
pCMV-HR2. At 1:20, 1:50 and 1:100 molar ratios of target:
H1 ribozyme, CAT activity was reduced by 10%, 55% and
80%, respectively, relative to that transfected with the con-
trol vector (FIG. 8A). Also, CAT activity was reduced by
60%, 75% and 95%, respectively, at the same molar ratios
of the target/HR2 ribozyme (FIG. 8B). These results dem-
onstrate the efficacy of the transfected ribozyme in cultured
cells.

To assess catalytic activity versus antisense effect of the
ribozyme on inactivating AR gene expression, wild-type
HR2 (pCMV-H1) with mutant HR2 were compared, which
lacks catalytic activity (FIG. 7B, lanes 7,10) and antisense
RNA HR2 (pCMV-anti-HR2). The mutant ribozyme and
antisense RNA had inhibitory effects, but much smaller than
with wild-type HR2. At 1:50 and 1:100 molar ratios of
substrate to ribozyme or antisense RNA, wild-type HR2
inhibited 6% and 95% of the CAT activity, respectively,
while the mutant ribozyme inhibited 37% and 60%, respec-
tively, and the antisense RNA only 20% and 65%, respec-
tively (FIG. 9). These results showed that inhibition of the
CAT activity is due mainly to the catalytic property of the
hammerhead ribozyme, not to antisense effect.

The vector containing the AR ¢cDNA was transfected into
CV-1 cells that were derived from monkey kidney tumor
cells. Positive clones expressing AR mRNA were screened
by RT-PCR. A CV-1 clone with stably expressing AR mRNA
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(CV-1/AR) was transfected with pMMTV-CAT in the pres-
ence of 10~ MDHT or absence of DHT. Chloramphenicol
acetyl transferase activity was induced nine-fold by DHT
(FIG. 10). When CV-1/AR cells were cotransfected with
pMMTV-CAT and either pCMV control vector, or pCMV-
H1, or pCMV-HR2 and cultured in the presence of DHT,
CAT activity of the cells transtected with the ribozyme was
nine-fold lower than that of the cells cotransfected with the
control vector (FIG. 10). The AR hammerhead ribozymes
can be concluded to inactivate the AR mRNA expression
with high specificity and efficiency.

It has been observed that a hammerhead ribozyme whose
expression is under the control of an RNA pol III promoter
is more effective in inhibiting target gene expression as
compared to one whose expression is under the control of an
RNA pol II promoter (Cotton and Brinstiel, 1989; Yu et al.,
1993; Michienzi et al., 1996; Perriman et al., 1996). To
determine if this could more efficiently inhibit AR mRNA
expression, HR2 wild-type, mutant ribozyme and antisense
oligo were subcloned downstream of the rat U6 small
nuclear gene promoter which is driven by the RNA pol III,
to yield U6-HR2, U6-mut-HR2 and U6-anti-HR2 con-
structs.

The pCMV-AR and pMMTV-CAT, along with either
U6-HR2, or U6-mut-HR2, or U6-anti-HR2 or U6 control
vector were transfected into NIH3T3 cells by the calcium
phosphate method (Chan et al., 1995). For comparison,
pCMV-HR2 was used in parallel (FIG. 8). The data showed
that U6-HR2 was more effective in inhibiting CAT activity
in NIH3T3 cells (FIG. 11). At a 1:5 molar ratio of pCMV-
AR:U6-HR2, CAT activity was reduced by about 90% (FIG.
11), whereas the same reduction in CAT activity in the case
of the pCMV-HR2 required a 1:100 molar ratio of the
pCMV-AR:pCMV-HR2 (FIG. 8). In agreement with the
findings of Yu et al. (1993), the ribozyme under the control
of'the RNA pol III promoter exhibits stronger inactivation of
gene expression than under the control of the RNA pol 11
promoter (Yu et al., 1993). The mutant ribozyme and anti-
sense RNA yielded less than 20% of inhibition of CAT
activity at the same molar ratio (FIG. 11, lanes 4, 5).

EXAMPLE 6

The present example demonstrates that the decrease in
CAT activity results directly from a decrease in AR mRNA
due to the action of the ribozyme.

Total RNAs were isolated from the PC-3 cells transfected
with the AR ¢cDNA expression vector and either pCMV-
HR2, or pCMV-mut-HR2 or pCMV-anti-HR2 at 1:25, 1:50
or 1:100 molar ratios. The RNase protection assays were
performed using an antisense AR RNA probe that spans the
expected cleavage site of the AR mRNA and analyzed the
AR mRNA levels in different treatments of the PC-3 cells.

The results shown in FIG. 12A, B and C indicate that AR
mRNA normalized to the amount of the control f-actin
mRNA in each sample was lower in cells transfected with
hammerhead ribozyme. Wild-type HR2 more efficiently
inhibited AR mRNA at different molar ratios of the pCMV-
AR:pCMV-HR?2 than the control, and was more effective in
inhibiting AR mRNA expression than the mutant ribozyme
and antisense RNA. When different concentrations of wild-
type and the mutant HR2 were transfected into PC-3 cells,
the levels of ribozyme expression were detected by quanti-
tative RT-PCR, using specific primers from the stem I
sequences of the HR2 ribozyme (FIG. 12C). Taken together,
these results show that the inhibitory activity is dependent
on the level of ribozyme expression in cultured cells. In
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order to further study the effects of the ribozyme transcribed
by RNA pol III on inhibition of AR mRNA expression,
pCMV-AR expression vector was transfected into PC-3 cells
with either U6-HR2, or U6-mut-HR2, or U6-anti-HR2, or
U6 control vector at 1:5 and 1:25 molar ratios. Ribonuclease
protection assays were performed to analyze AR mRNA
levels in different transfected cells. Results as shown in FIG.
13 demonstrate that the wild-type ribozyme is not only more
active in inhibiting the target AR mRNA than the mutant
ribozyme and antisense RNA, but also more effective than
HR2 which is transcribed by the RNA pol 11 (compare FIG.
12 with FIG. 13). The decrease in AR mRNA by the
ribozyme correlates with the decrease in CAT activity.
However, the products resulting from the cleavage of the AR
mRNA by the ribozyme. Were not detected. These cleavage
products may be degraded too quickly to be detected (Cof-
ton and Bimstiel, 1989; Yuan et al., 1992; Sullenger and
Cech, 1993; Xing and Whitton, 1993; Lieber and Strauss,
1996).

EXAMPLE 7

In this study, it was shown that the proximal 5' flanking
promoter region of the AR gene lacks obvious TATA or
CAAT boxes, but contains a pur/pyr-rich region. This region
is conserved in human, rat and mouse species.

In the rat, six copies of the GGGGA repeat sequence from
position -123 to -94 are located immediately upstream of
the GC-rich box which is bound by Sp1 nuclear transcription
factor. In recent studies, it has been demonstrated that the
put/pyr-rich region can form a non-B DNA conformation
and plays an important role in a number of TATA-less gene
promoters such as the promoter for the epidermal growth
factor receptor, human Ha-ras, human c-myc genes and
others (Cooney et al., 1988; Hoffman et al., 1990; Grigoriew
et al., 1992; Roy, 1993; Mayfield et al., 1994; Mouscadat et
al., 1994). The present invention provides evidence that the
put/pyr-rich region of the AR gene can form a non-B DNA
conformation that is sensitive to the single-strand specific S1
nuclease. Fine mapping analysis reveals that both DNA
strands of the pur/pyr-rich region are cleaved by S1 nuclease
and form an asymmetric cleavage pattern. Further studies
show that the pur/pyr-rich region forms a triple helical
H-form DNA conformation. This pur/pyr-rich region can be
bound by antiparallel and parallel purine rich oligonucle-
otides, but not by pyrimidine-rich TFOs or random DNA
sequences under physiological conditions. Gel mobility shift
assays and DNase [ footprinting studies show that the
put/pyr-rich region binds a novel pyrimidine single-strand
DNA binding protein and also a double-strand DNA binding
protein, the nuclear transcription factor Spl. Mutation of the
region showed that the pur/pyr-rich region serves as an
enhancer element and indicates an important regulatory
element of AR gene expression.

The novel pyrimidine-single-stranded DNA binding pro-
tein will be cloned to determine how the protein regulates
the AR gene transcription. Also, the relationship between the
single-stranded DNA binding protein and nuclear transcrip-
tion factor Spl in the pur/pyrrich region will be investigated.
In addition, TFOs will be designed to study its effect on AR
gene expression.

EXAMPLE 8

In the present study, two hammerhead ribozymes were
designed to target specific GUC specimens in AR mRNA.
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In a cell-free system, both hammerhead ribozymes can
cleave AR mRNA at the expected sites, but the mutant
hammerhead ribozyme and antisense oligonucleotide do not
cleave the target mRNA sequences. At 1:1 molar ratio of
substrate:hammerhead ribozyme, both hammerhead
ribozymes cleave the mRNAs completely within 30 min at
37° C. The hammerhead ribozyme recognizes only its target
sequences, and catalyzes the cleavage of the mRNA sub-
strates, indicating its specificity and efficiency. The ham-
merhead ribozyme can cleave the AR mRNA in cultured
cells. This effect is due to the endonuclease activity rather
than to the antisense effect. Compared to the H1 hammer-
head ribozyme, the HR2 hammerhead ribozyme is more
effective in vitro and in vivo. The HR2 hammerhead
ribozyme driven by the RNA pol III promoter is more
powerful than the one driven by the RNA pol II promoter.

Transgenic mice expressing hammerhead ribozyme have
been created (Efrat et al,, 1994; Larsson et al, 1994;
L’Huillier et al., 1996). The hammerhead ribozyme inhibits
target gene expression to different levels in such mice. In
order to detect whether ribozyme can inhibit endogenous AR
mRNA in cells. LNCaP cells derived from human prostate
cancer cells were chosen. It produces endogenous AR
mRNA and prostate specific antigen (PSA). PSA expression
is dependent on androgen and AR. When HR2 ribozyme
expression vector was transfected into LNCaP cells, PSA
activity was analyzed 48 hour post-transfection. Results
showed that the ribozyme inhibit 50% of PSA activity
compared to the control group. In further studies, transgenic
mice expressing hammerhead ribozyme targeting the AR
gene will be generated. The hammerhead ribozyme will be
cloned downstream of the rat probasin promoter that is
specific for prostate tissue (Greenberg et al., 1994). Ham-
merhead ribozyme expression by RT-PCR in transgenic
mice will be detected. Transgenic mice expressing the
hammerhead ribozyme will be selected. To examine AR
gene and hammerhead ribozyme expression in prostate
glands, histological studies of the prostate gland in the
transgenic mice will also be conducted. AR regulates the
development of the male reproductive organs.

EXAMPLE 9
Function of Hammerhead Ribozyme

A hammerhead ribozyme contains antisense sequence to
the target substrate. For this reason, it is important to
establish whether this type of ribozyme truly functions as a
catalytic RNA endonuclease or whether the “activity” is due
instead to an antisense effect in cultured cells. A wild-type
hammerhead ribozyme and a mutant one with substitutions
in the catalytic core were designed. The mutant hammerhead
ribozyme (mut-HR2) and the antisense oligo (antisense
HR2) do not cleave the target RNA substrate in vitro (FIG.
7B). The wild-type, mutant hammerhead ribozymes and the
antisense RNA oligo in vivo were further examined. It was
found that both the mutant hammerhead ribozyme and the
antisense RNA oligo have inhibitory effects on AR mRNA
expression and CAT activity, but the wild-type hammerhead
ribozyme is much more inhibitory than the antisense oligo
and/or the mutant hammerhead ribozyme (FIGS. 9 and 11).
It was further shown that the hammerhead ribozyme action
is due to endonuclease activity rather than to an antisense
effect (Scanlon et al., 1991; Ojwang et al., 1992; Lange et
al., 1993; Inokuchi et al., 1994). The levels of AR mRNA
and the CAT activities in transfected cells suggested that the
expression of AR mRNA is inversely correlated with the
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expression of hammerhead ribozyme. With increasing
amounts of transfected hammerhead ribozyme, AR gene
expression is further suppressed. To achieve a higher effect
of hammerhead ribozyme on its substrate, it must be used in
excess and properly localized.

A promoter driving a hammerhead ribozyme must be
much stronger than a promoter generating a target RNA
substrate. Compared with the ribozyme transcribed by the
RNA pol 111, a higher dose of the ribozyme transcribed by
the RNA pol II is required to achieve the same degree of
inhibition. It is known that the yield of RNA transcribed by
the RNA pol II is lower in cell systems than that transcribed
by the RNA pol III (Brafty et al., 1993; Bertrand et al., 1994;
Chowrira et al., 1994). The RNA pol II system is usually
employed for mRNA transcription or expression of a long
antisense RNA. This system generates the cap and poly A
structures that are required for the stability of RNA in vivo.
However, RNA pol II is not suitable for production of short
RNA molecules (Sanfacon and Hohn, 1990). In contrast,
RNA pol III produces small RNAs at a higher rate of
transcription and in various tissues (Coften and Brinstiel,
1989; Perriman et al., 1996). Using RNA pol III, it is
possible to generate a short hammerhead ribozyme in cells
with a stable secondary structure that protects the hammer-
head ribozyme from nuclease attack (Perriman et al., 1996).
It has been reported that a hammerhead ribozyme driven by
the RNA pol I1I promoter in a cell culture system can reduce
target gene expression to a greater extent than a hammerhead
ribozyme driven by the RNA pol II promoter (Cotten and
Brinstiel, 1989; Yu et al., 1993; Thompson et al., 1996).

Studies were conducted to compare the ability of the
hammerhead ribozyme transcribed by RNA pol II and by
RNA pol IIT promoters to inhibit AR mRNA expression in
cultured cells were undertook. The HR2 ribozyme was
cloned into expression vectors with either a RNA pol II
promoter (pCMV-HR2) or a RNA pol III promoter (U6-
HR2). It was found that the U6-HR2 driven by RNA pol III
dramatically inhibits AR mRNA level and CAT activity
(FIGS. 11 AND 13). The CAT activity and AR mRNA are
reduced by about 90% and 70%, respectively, at a 1:5 molar
ratio of the target vector (pCMV-AR): ribozyme (U6-HR2).
Similar inhibition of AR expression and CAT activity by the
HR2 ribozyme driven by RNA pol Il promoter requires a
1:100 molar ratio of target vector (pCMV-AR): hammerhead
ribozyme (pCMV-HR2) (FIGS. 8 and 12). This demon-
strates that the RNA pol III promoter more efficiently
promotes transcription of the hammerhead ribozyme gene
than does the RNA pol II promoter. Moreover, detection of
the AR mRNA by ribonuclease protection assay and of the
AR protein level by immunohistochemistry in cultured cells
provide direct proof for the hammerhead ribozyme effect in
vivo.

EXAMPLE 10

Human Ribozyme Construct for Use in Treatment
of Prostate Hyperplasia

The present example defines a method to be used in the
treatment of human prostate hyperplasia. The ribozyme
construct will include a ribozyme gene sequence as provided
in SEQ ID NO: 9 and a promoter sequence from prostate
specific antigen gene (PSA). This promoter sequence may be
derived from the PSA available at Gen Bank Accession No:
U37672.

As part of the claimed invention the method for treating
prostate hyperplasia comprises administering a pharmaco-
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logically active preparation that includes a vector construct
of the ribozyme gene as defined at SEQ ID NO: 9 and a
promoter sequence of PSA in an amount effective to reduce
antigen receptor gene expression. A pharmacologically
active amount of the preparation as used in the description
of the present invention as defined as an amount that will
provide a reduction of androgen receptor gene expression
sufficient to provide a clinically detectable reduction or at
least inhibition of prostate gland enlargement.

While any variety of carrier vectors may be employed, it
is anticipated that adenoviral and retroviral vector constructs
may be used in particular applications of the claimed
method. The gene therapy methods provided herein may be
used alone or in combination with other treatments, such as
surgical removal/reduction of prostate gland and/or admin-
istration of enzyme inhibitors, such as alpha reductase.
Cyproterone acetate (Schering AG) along with PROS-
CAR™ (MERCK) may also be employed in combination
with the claimed methods to provide improved clinical
outcome for the patient.

All of the compositions and methods disclosed herein can
be made and executed without undue experimentation in
light of the present disclosure. While the compositions and
methods of this invention have been described in terms of
preferred embodiments, it will be apparent to those of skill
in the art that variations may be applied to the compositions
and methods and in the steps or in the sequence of steps of
the method described herein without departing from the
concept, spirit and scope of the invention. More specifically,
it will be apparent that certain agents which are both
chemically and physiologically related may be substituted
for the agents described herein while the same or similar
results would be achieved. All such similar substitutes and
modifications apparent to those skilled in the art are deemed
to be within the spirit, scope and concept of the invention as
defined herein.

The above is a detailed description of particular embodi-
ments of the invention. Those with skill in the art should, in
light of the present disclosure, appreciate that obvious
modifications of the embodiments disclosed herein can be
made without departing from the spirit and scope of the
invention. All of the embodiments disclosed and claimed
herein can be made and executed without undue experimen-
tation in light of the present disclosure. The full scope of the
invention is set out in the claims that follow and their
equivalents. The claims and specification should not be
construed to unduly narrow the full scope of protection to
which the present invention is entitled.
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SEQUENCE LISTING

<160>
<210>
<211>
<212>
<213>

NUMBER OF SEQ ID NOS: 15
SEQ ID NO 1

LENGTH: 19

TYPE: RNA

ORGANISM: HOMO SAPIENS

<400> SEQUENCE: 1

aucuugucgu cuucggaaa

<210> SEQ ID NO 2

<211> LENGTH: 40

<212> TYPE: RNA

<213> ORGANISM: ARTIFICIAL SEQUENCE

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: ()..()

<223> OTHER INFORMATION: SYNTHETIC OLIGONUCLEOTIDE
<400> SEQUENCE: 2

uuuccgaacu gaugaguccg ugaggacgaa acgacaagau

<210> SEQ ID NO 3

<211> LENGTH: 7

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL SEQUENCE

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: ()..()

<223> OTHER INFORMATION: SYNTHETIC OLIGONUCLEOTIDE
<400> SEQUENCE: 3

gctttgt

<210> SEQ ID NO 4

19

40
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-continued

38

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL SEQUENCE

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: ()..()

<223> OTHER INFORMATION: SYNTHETIC OLIGONUCLEOTIDE

<400> SEQUENCE: 4

ttccgaactg atgagtce

<210> SEQ ID NO 5

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL SEQUENCE

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: ()..()

<223> OTHER INFORMATION: SYNTHETIC OLIGONUCLEOTIDE

<400> SEQUENCE: 5

agtgggagtg gcaccctt

<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL SEQUENCE

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: ()..()

<223> OTHER INFORMATION: SYNTHETIC OLIGONUCLEOTIDE

<400> SEQUENCE: 6

tgcgtgacat taaggagaag c¢

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL SEQUENCE

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: ()..()

<223> OTHER INFORMATION: SYNTHETIC OLIGONUCLEOTIDE

<400> SEQUENCE: 7

atccacacgg agtacttggg

<210> SEQ ID NO 8

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL SEQUENCE

<220> FEATURE:

«221> NAME/KEY: misc_feature

<222> LOCATION: ()..()

<223> OTHER INFORMATION: SYNTHETIC OLIGONUCLEOTIDE

<400> SEQUENCE: 8

tttccgaact gatgagtccg tgaggacgaa acgacaagat

<210> SEQ ID NO 9

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL SEQUENCE

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: ()..()

<223> OTHER INFORMATION: SYNTHETIC OLIGONUCLEOTIDE

<400> SEQUENCE: 9

18

18

21

20

40
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-continued

40

atcttgtcgt ttcgtcctca cggactcatc agttcggaaa

<210> SEQ ID NO 10
<211> LENGTH: 19
<212> TYPE: RNA

<213> ORGANISM: Rattus rattus

<400> SEQUENCE: 10

aucgugucgu cuccggaaa
<210> SEQ ID NO 11

<211> LENGTH: 40
<212> TYPE: RNA

<213> ORGANISM: ARTIFICIAL SEQUENCE

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: ()..()
<223> OTHER INFORMATION :

<400> SEQUENCE: 11

SYNTHETIC OLIGONUCLEOTIDE

uuuccggacu gaugaguccg ugaggacgaa acgacacgau

<210> SEQ ID NO 12
<211> LENGTH: 20
<212> TYPE: RNA

<213> ORGANISM: HOMO SAPIENS

<400> SEQUENCE: 12

ucuacccugu cucucuacaa
<210> SEQ ID NO 13

<211> LENGTH: 41
<212> TYPE: RNA

<213> ORGANISM: ARTIFICIAL SEQUENCE

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: ()..()
<223> OTHER INFORMATION :

<400> SEQUENCE: 13

SYNTHETIC OLIGONUCLEOTIDE

uuguagagac ugaugagucc gugaggacga aacaggguag a

<210> SEQ ID NO 14
<211> LENGTH: 40
<212> TYPE: RNA

<213> ORGANISM: ARTIFICIAL SEQUENCE

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: ()..()
<223> OTHER INFORMATION :

<400> SEQUENCE: 14

SYNTHETIC OLIGONUCLEOTIDE

uuuccgaacu uaugaguccg ugaggacgaa ccgacaagau

<210> SEQ ID NO 15
<211> LENGTH: 19
<212> TYPE: RNA

<213> ORGANISM: ARTIFICIAL SEQUENCE

<220> FEATURE:

«221> NAME/KEY: misc_feature

<222> LOCATION: ()..()
<223> OTHER INFORMATION :

<400> SEQUENCE: 15

uuuccgaaga cgacaagau

SYNTHETIC OLIGONUCLEOTIDE
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What is claimed is:

1. A synthetic ribozyme that cleaves androgen receptor
mRNA, comprising first and second ribozyme side arms
flanking a catalytic domain, wherein said first and second
ribozyme side arms comprise sequences complementary to
the target human androgen receptor mRNA sequence of
SEQ ID NO:1.

2. The synthetic ribozyme of claim 1, wherein said
ribozyme comprises a hammerhead ribozyme catalytic
domain of about 24 nucleotides in length with a conserved
stem loop structure.

3. A synthetic ribozyme that cleaves the target human
androgen receptor mRNA, comprising a central catalytic
core with a conserved stem loop structure, a first specifier
sequence on the 5' side of the catalytic core and a second
specifier sequence on the 3' side of the catalytic core,
wherein said first and second specifier sequences are
complementary to the target human androgen receptor
mRNA sequence of SEQ ID NO:1.

4. The synthetic ribozyme of claim 1, wherein said
ribozyme comprises the sequence of SEQ ID NO:11.

5. A synthetic ribozyme that cleaves androgen receptor
mRNA; wherein said ribozyme comprises the sequence of
SEQ ID NO:11 or SEQ ID NO:13.

6. An oligonucleotide encoding the synthetic ribozyme of
claim 1.

7. A vector comprising the oligonucleotide of claim 6.

8. The vector of claim 7 further defined as comprising a
prostate tissue specific promoter.

9. The vector of claim 7, further defined as comprising an
RNA polymerase III promoter.

10. The vector of claim 8, wherein said prostate tissue
specific promoter is a prostate specific antigen (PSA) pro-
moter.

11. The vector of claim 9, wherein the RNA polymerase
IIT promoter is derived from a small nuclear RNA (U6 RNA)
promoter sequence.

12. The vector of claim 7, wherein said oligonucleotide
encodes a synthetic ribozyme comprising the sequence of
SEQ ID NO:11.

13. A method for reducing androgen receptor activity in
cultured prostate cells, comprising providing the synthetic
ribozyme of claim 1 to said prostate cells.

14. A method for inhibiting the proliferation of prostatic
cancer cells in vitro, comprising providing the synthetic
ribozyme of claim 1 to said prostatic cancer cells.

15. The method of claim 13, comprising providing the
vector of claim 7 to said prostate cells.

16. The method of claim 13, wherein said prostate cells
are prostatic cancer cells.

17. The method of claim 13, wherein the proliferation of
said cells is inhibited.

18. The method of claim 14, comprising providing the
vector of claim 7 to said prostatic cancer cells.

19. The synthetic ribozyme of claim 1, wherein said
ribozyme comprises a hammerhead ribozyme catalytic
domain that comprises the 5' to 3' sequence
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CUGAUGAGUCCGUGAGGACGAA
through 30 of SEQ ID NO:2).

20. The synthetic ribozyme of claim 1, wherein said
ribozyme comprises first and second ribozyme side arms of
10 to 20 nucleotides in length.

21. The synthetic ribozyme of claim 1, wherein said
ribozyme comprises first and second ribozyme side arms of
9 to 12 nucleotides in length.

22. The synthetic ribozyme of claim 1, wherein said
ribozyme comprises a ribozyme side arm that comprises the
5'to 3' sequence UUUCCGAA (nucleotides 1 through 8 of
SEQ ID NO:2).

23. The synthetic ribozyme of claim 1, wherein said
ribozyme comprises a ribozyme side arm that comprises the
5'to 3' sequence ACGACAAGAU (nucleotides 31 through
40 of SEQ ID NO:2).

24. The synthetic ribozyme of claim 1, wherein said
ribozyme comprises a ribozyme side arm that comprises the
5'to 3' sequence UUUCCGGA (nucleotides 1 through 8 of
SEQ ID NO:11).

25. The synthetic ribozyme of claim 1, wherein said
ribozyme comprises a ribozyme side arm that comprises the
5'to 3' sequence ACGACACGAU (nucleotides 31 through
40 of SEQ ID NO:11).

26. The synthetic ribozyme of claim 1, wherein said
ribozyme comprises a first ribozyme side arm that comprises
the 5' to 3' sequence UUUCCGAA (nucleotides 1 through 8
of SEQ ID NO:2) and a second ribozyme side arm that
comprises the 5' to 3' sequence ACGACAAGAU (nucle-
otides 31 through 40 of SEQ ID NO:2).

27. The synthetic ribozyme of claim 3, wherein said
ribozyme comprises a hammerhead ribozyme central cata-
Iytic core that comprises the 5' to 3' sequence
CUGAUGAGUCCGUGAGGACGAA  (nucleotides 9
through 30 of SEQ ID NO:2).

28. The synthetic ribozyme of claim 3, wherein said
ribozyme comprises first and second specifier sequences of
10 to 20 nucleotides in length.

29. The synthetic ribozyme of claim 3, wherein said
ribozyme comprises first and second specifier sequences of
9 to 12 nucleotides in length.

30. The synthetic ribozyme of claim 3, wherein said
ribozyme comprises a specifier sequence that comprises the
5'to 3' sequence UUUCCGAA (nucleotides 1 through 8 of
SEQ ID NO:2).

31. The synthetic ribozyme of claim 3, wherein said
ribozyme comprises a specifier sequence that comprises the
5'to 3' sequence ACGACAAGAU (nucleotides 31 through
40 of SEQ ID NO:2).

32. The synthetic ribozyme of claim 3, wherein said
ribozyme comprises a first specifier sequence that comprises
the 5' to 3' sequence UUUCCGAA (nucleotides 1 through 8
of SEQ ID NO:2) and a second specifier sequence that
comprises the 5' to 3' sequence ACGACAAGAU (nucle-
otides 31 through 40 of SEQ ID NO:2).

(nucleotides 9
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